The stereochemistry of the decarboxylation of trans-p-coumaric acid to 4-hydroxystyrene by Aerobacter aerogenes has been examined. The decarboxylation has been found to proceed with retention of the geometry about the trans-substituted double-bond.
A considerable number of enzyme-catalyzed, nonoxidative decarboxylations of a,j9-unsaturated acids have been recorded in the literature (1) (2) (3) (4) , but the majority of these reactions involve substrates in which the a,j3-double bond is contained within a ring. In these cases, the enzyme-catalyzed replacement of the carboxyl function by a hydrogen atom must occur with retention of the initial geometry at the trigonal carbon atom carrying the carboxyl group, and so, no stereochemical evidence can be brought to bear on the question of the mechanism of the decarboxylation process. Various strains of Aerobacter aerogenes have been reported (5) to produce an enzyme which catalyzes the decarboxylation of trans-4-hydroxycinnamic acid (p-coumaric acid) and trans-3,4-dihydroxycinnamic acid (caffeic acid) to 4-hydroxystyrene and 3,4-dihydroxystyrene, respectively. Since these enzymatic decarboxylations utilize substrates in which the a,13-doublebond of the unsaturated acid is not contained in a ring, it was a matter of some interest to determine if these decarboxylations proceed witb retention of the geometry at the carboxylbearing carbon atom. At this time,we would like to report the results of experiments which define the overall stereochemistry of the decarboxylation of p-coumaric acid. EXPERIMENTAL Deuterium oxide and [2H3]phosphoric acid were purchased from Stohler Isotopes. p-Coumaric acid was synthesized from malonic acid and p-hydroxybenzaldehyde under modified Knoevenagel conditions (6); a-[2HlJp-coumaric acid was prepared from [2H4]malonic acid, purchased from Aldrich Chemical Co., and p-hydroxybenzaldehyde. The nuclear magnetic resonance (NMIR) shift reagent Eu(fod)3 was obtained from Alfa Inorganics, Inc. The organism employed in this work was Aerobacter aerogenes strain NRRL B-2614, stock cultures of which were maintained on nutrient agar slants. The organism was grown in shake culture and incubations with p-coumaric acid were carried out according to the procedures of Finkle et al. (5) . The isolation of 4-hydroxystyrene from the incubation mixtures was accomplished by extraction and recrystallization according to Dale and Hennis (7) . NMR spectra were measured in deutero-chloroform using a Bruker WH-90 Fourier Transform NMR system.
RESULTS
When unlabeled p-coumaric acid was incubated with a washed suspension of A. aerogenes cells in the manner previously reported (5), p-hydroxystyrene was readily isolated. shows the 90 MHz NMR spectrum of the labeled styrene taken after the addition of Eu(fod)3. It is apparent from this spectrum that H-1 has been completely replaced by deuterium since the resonance signal of this proton has vanished and H-3 now appears as a broadened doublet (J23 = 17.5 cps). Therefore, one can conclude that the geometry at the sp2 carbon bearing the carboxyl function is retained during the decarboxylation of p-coumaric acid to 4-hydroxystyrene. Addi Enzymes which catalyze the decarboxylation of orotidine-5'-phosphate have been isolated from calf thymus (8), cow brain (9), yeast (10) , and rat liver (10) . The yeast enzyme apparently contains sulfhydryl groups which are essential for activity, whereas, the rat liver decarboxylase is insensitive to the normal sulfhydryl inhibitors. Both of these enzymes decarboxylate orotidine-5'-phosphate labeled with tritium beta to the carboxyl function without tritium loss, but as the investigators correctly pointed out, this does not prove that the a,t3-double-bond remains intact during the reaction (10) .
The enzyme which decarboxylates o-pyrocatechuic acid to catechol has been isolated from Aspergillus niger (11) . The action of this enzyme is inhibited by reagents which affect sulfhydryl groups, and it appears that no cofactors or metal ions are required for the decarboxylation process.
In neither of the above examples is it possible to examine the overall stereochemistry of the enzyme-catalyzed decarboxylation since the a,#3-double-bond of each substrate is contained within a ring. The (12) (13) (14) .
